INTRODUCTION
Noise-induced hearing loss (NIHL) is a hearing disorder that results from exposure to high-intensity sound. Even though preventable, NIHL is an increasingly prevalent occupational health problem (1) . Noise reduction or elimination is the best strategy to eliminate or minimize the risk of hearing loss from exposure to high-intensity sound. However, the use of individual hearing protection has been the strategy used by most employers, as it is simpler and less costly in the short term (1, 2) . Hearing protection devices (HPDs) are noise barriers which have to be used to protect the user's hearing; however, its effectiveness depends on a wide range of intrinsic characteristics and also physiological and anatomical individual features. The selection of a particular device type should consider the working environment of the user in addition to comfort and acceptance, cost and durability, communication problems during use, safety, and hygiene (3, 4) . Moreover, the hearing protectors selection should consider mainly the attenuation provided by the device, which should be enough to protect user's hearing while preventing overprotection and negative effects such as communication isolation and increased risks caused by the inability to hear alert sounds (5, 6) . In order to ensure the effectiveness of using a HPD, it is necessary to provide guidance and training for workers, regarding the suitable position, cleaning and exchange of HPD. These actions may be done through illustrative handouts and presentations. Also, it is important to consider the worker's function, encouraging them to use HPD in all situations and also provide regular warning concerning possible damages that may happen whether the HPD is not used properly (7) . Commonly the employee receives the HPD, however do not receive instructions about the proper use of it as well as regarding risks that my happen due to its misuse. In the absence of orientations, fails in checking the HPD may rise the number of NIHL cases (8) .
The selection of HPDs is also based on Noise Reduction Ratings (NRRs) provided by manufacturers in accordance with environmental protection agency regulations (2, 9) . In general, the sound attenuation provided by a HPD can be defined as the difference between sound pressure levels that reach the ear canal (near the eardrum) with and without the device (5) . NRRs are based on noise reduction obtained in laboratory conditions according to ANSI and/or ISO guidelines that check noise attenuation levels provided by hearing protectors. However, laboratory conditions differ considerably from typical occupational environments, which can lead to substantial differences in the attenuation provided by HPDs in real-world situations, resulting in significant health effects on workers exposed to noise. This problem can be solved by conducting individual fit testing of HPDs (2, (10) (11) (12) . Methods that assess hearing protector insertion in real-world situations are essential to determine if the protection provided by the HPD is appropriate to a particular individual. Moreover, improving HPD insertion should help to increase hearing protection efficacy, as some studies have shown that the lack of training and education among workers exposed to occupational noise impairs the establishment of effective hearing conservation programs (HCPs) and contributes to high NIHL prevalence (3, 4) . Two methods have been used to measure the attenuation of HPDs in real-world situations. Real-ear attenuation at threshold (REAT), a subjective method, performed in a soundproof booth or circumaural headphones, which measures thresholds in the sound field with and without the HPD; and Microphonein-real-ear (MIRE), an objective method in which measurements are obtained using two microphones (one inside the ear canal and another for recording external sound field) (2, 9, 10, (13) (14) (15) . The use of hearing protectors and training regarding the proper use of HPD are both in the laws, but, contrarily, assessment of the effectiveness of the training and the real efficacy of hearing protectors are not mentioned in the workers' health laws.
This study aimed to determine the efficacy of training on the insertion of hearing protectors, comparing attenuation values measured by objective (MIRE) and subjective (REAT) methods in groups with and without training. In addition, we compared the attenuation values found in this study to those provided by a hearing protector manufacturer.
Thus, the results of this study may provide future shifts in the current health and safety legislation and also stimulate the acquirement of proper instruments which will enable professionals to best check the efficacy of training HPDs placing, develop hearing conservation programs, and in the establishment of fast and objective measurements of HPD's attenuation in the workplace.
METHODS
This study was designed as cross sectional, and counted on 80 voluntary male participants aged between 18 and 53 years (mean age of 32 years) who were divided into two groups. The experimental group (EG) is composed of 40 workers from a public university (University of São Paulo), exposed to occupational noise who participated in a hearing conservation program that included guidance on proper hearing protector insertion. The control group (CG) consisted of 40 students and workers from a public university (University of São Paulo), with no occupational noise exposure and no training on hearing protector insertion. During a period of three months within the routine care of periodic audiometric tests, the subjects were invited to participate in the study, which characterizes it as a convenience sample.
All subjects were informed about the study and signed an informed consent form before participation in the study, which was approved by the Ethics Committee of the Institution, under protocol N°. 858/08.
The exclusion criteria in both groups was the occurrence of any changes to the external ear such as cerumen, abnormalities in the ear canal, and foreign bodies that could prevent the completion of tests or insertion of hearing protectors. Three subjects of EG were excluded from the initial sample because of excessive cerumen.
The following procedures performed in all individuals: 1. Otologic and occupational history. 2. Meatoscopy to examine the EAM and tympanic membrane using a Heine Mini 3000 otoscope.
3. Microphone-in-real-ear (MIRE) objective test: using Interacoustics MS40 Hearing Aid Analyzer insertion gain analyzer (this equipment is commonly used to measure gain of hearing aids). The analyzer scans frequencies from 125 to 8000 Hz using a warble tone at an intensity range of 40-140 dB SPL (Sound Pressure Level). A 70 dB SPL input was used for data collection and frequencies from 500 to 6000 Hz were analyzed. The subjects were seated in a chair in the soundproof booth and instructed to remain during the entire procedure, at a distance of 40 cm from the loudspeaker positioned at 0º/0º azimuth. Two measurements were taken in the following order: a. REUR -Real Ear Unaided Response "as a function of frequency, at a specified measurement point in the ear canal, for a specified sound field, with the ear canal unoccluded" (16) . b. REOR -Real Ear Occluded Response "as a function of frequency, at a specified measurement point in the ear canal, for a specified sound field, with the hearing aid (and its acoustic coupling) in place and turned off" (16) . In this study, it was placed the earplug instead the hearing aid.
To determine REOR, the HPD was placed by all individuals in the same ear as the probe microphone, in both groups, after REUR measurement. The silicone tube measured 58 mm, however only 28 mm were inserted into the ear canal of participants, value adopted by the geometric method (17, 18) . This method guarantees that the probe will not be disrupted by the HPD. It is important to point out that before each trial the probe was measured to check its size. To assist proper placement of the probe in the ear canal, we used an otoscope and a flashlight to pre mold.
The probe was marked in red, which allowed standardizing the size to be inserted into the ear canal. In the study, the red mark was positioned towards the antitragus, in order to ensure that they were in the same deepness into the ear canal of all individuals.
The control group (CG) did not receive training on proper hearing protector insertion. These subjects fitted the protectors as they thought appropriate following the instructions provided on the hearing protector packaging, in accordance with ANSI 12.6-1997 (Method B -Subject fit) (19) , which determines that fitting of the protectors is done by the subject, according to his interpretation of instructions for use provided by the manufacturer, and without external help. Conversely, individuals in the EG had received previous training and guidance on proper hearing protection insertion. The researcher showed the adequate procedure to place the HPD properly, which included performing its correct rolling movement and positioning using hands to improve the ear canal to open, the placement of the HPD and the perception of attenuation provided in the occluded ear when comparing it to the free ear. After the presentation, the participant was asked to put the HPD, supervised by the researcher. 4. Real-ear attenuation at threshold (REAT) subjective test:
in this test, the probe microphone was removed and the HPD was kept in the same position as in the previous test. Subsequently, pure tone audiometry was conducted with and without the HPD using a GSI-61 audiometer with GSI speakers. The subjects were instructed to keep their head directed to the loudspeaker at 0º/0º azimuth and at a distance of 60 cm, and were instructed to signal whenever they heard a sound stimulus. Hearing thresholds were determined with (occluded ear) and without (unoccluded ear) hearing protectors at frequencies ranging from 500 to 6000 Hz using a warble tone. Additionally, narrow band noise masking was used in the non-tested ear (without hearing protector), using a TDH-39 headphone, at 40 dB SL to prevent it from responding to the signal presented to the test ear.
The objective and subjective tests were performed in one ear only, which was selected according to the best manual dexterity presented by the individual in inserting the HPD, once that several studies reported differences in attenuation between the ears due to the manual dexterity of the individual.
The hearing protectors used by all individuals were disposable earplugs from a well-known brand.
HPD attenuation measurements were calculated by the difference between REUR and REOR in the MIRE method, and between hearing thresholds values with and without the HPD in the REAT method.
All results (differences between values recorded for each method) were expressed as mean ± standard deviation. All analyses were performed using one-way analysis of variance (ANOVA) with significance level set at p≤0.05. Tables 1 and 2 show the values obtained by the experimental and control groups (respectively) when assessed by MIRE and REAT methods, with free ear (REUR) and occluded (REOR). It is important to point out that MIRE method assess the level of sound pressure in the ear canal with and without HPD, whereas REAT investigates the hearing threshold at the sound field of participants with and without HPD. Sound attenuation was higher in the EG than in CG at all frequencies measured by the MIRE method; the difference in attenuation was statistically significant at 500-3000 Hz and 6000 Hz frequencies (Table 3) .
RESULTS

Results in
Attenuation of the hearing protector was significantly higher in the EG at all frequencies measured by the REAT method (Table 4 ). In addition, REAT values in the CG were lower than the values provided by the hearing protector manufacturer (Table 5 ).
DISCUSSION
We aimed to determine the efficacy of training on insertion of hearing protectors and compare the attenuation values found in this study to those provided by a hearing protector manufacturer.
There were significant differences in attenuation values between the EG and CG measured by the MIRE and REAT methods. The EG, who had received training on the use of HPDs, exhibited significantly greater attenuation values than the CG, indicating that the training improves hearing protection, insertion and provides best hearing protection as observed in other studies (2, 8, 20, 21) . The attenuation values measured by the REAT method in the CG were lower than those provided by the hearing protector manufacturer even when the same technique described by the manufacturer for determining frequency attenuation values was used (11, 13, 22) , i.e., using untrained individuals who relied on the instructions provided on the hearing protector packaging for fitting the protectors.
This fact shows that attenuation values indicated by the manufacturer are overestimated for real-life situations, and if a Hearing Conservation Program uses these values for the selection of hearing protectors, the employees exposed to noise not will be protected, depending on the level of exposure. However, if we observe attenuation values obtained for the group who Table 5 . Attenuation values of hearing protectors measured by the Real-ear attenuation at threshold method in the Control Group (n=40) and manufacturer values (n=20) at frequencies from 500 to 4000 Hz
Manufacturer: values provided by the hearing protector manufacturer (according to ANSI [1] ). ANOVA (5% significance level). Caption: REAT = Real-ear attenuation at threshold; CG: control group; freedom; SD = standard deviation CG (dB)
Manufacturer ( (23) to the reduction of the discrepancy between laboratory and real life.
Studies that compared the attenuation values of the hearing protectors by MIRE and REAT showed differences between measurements and the values obtained by REAT were larger than those obtained by MIRE (21, 24, 25) . This study also found different values obtained by REAT and MIRE and this difference may be due to two factors: background noise and physiological masking effects, especially in lower frequencies (24, 26) , as well as due to variability in the response caused by subjectivity of the procedure of REAT method.
In addition, it have been repeatedly demonstrated that earplugs have greater variation in attenuation than earmuffs and the fact that the current study tested only earplugs can also explain the variability in the REAT values , especially with regard to the greater variability of standard deviations, which are also influenced by the subjective nature of psychophysical of evaluation (11, 24, 26) . As limitations of the present study, we may cite the sample size and the equipment used to assess through the MIRE method. We suggest that, in future studies, the objective evaluations of HPD attenuation may be conducted with larger samples and with equipment which allows the measurement of MIRE in the work environment. Further, it would be also important to determine whether manual dexterity influences on the correct placement of hearing protectors.
Based on the results found in this study, two aspects should be reviewed in occupational audiology:
• Hearing protectors recommended to a person should be tested for attenuation provided because the devices may not be suited to the noise levels to which the person is exposed and attenuation values provided by manufacturers do not always correspond to the reality of all persons due to physiological and anatomical differences and individual needs in different workplaces; • Training on the insertion of hearing protectors is essential in hearing conservation programs to ensure proper device insertion; proper insertion should be verified to ensure the efficacy of training.
CONCLUSION
Our results showed that both objective and subjective attenuation tests demonstrated the efficacy of training on the insertion of hearing protectors. The group (EG) that received training on proper hearing protection insertion exhibited higher attenuation values than the untrained group. Moreover, the attenuation values measured in the CG were not in accordance with those provided by the hearing protector manufacturer.
Finally, we emphasize the importance of conducting practical and easy training for placement of the HPD by the employee for better attenuation, which would also be useful as a way to evaluate the effectiveness of HCP. 
